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1 Abstract
The following Final Design Report (FDR) is the last formal documentation for the senior design
project. The project was carried out by three senior mechanical engineering students at California
Polytechnic State University, San Luis Obispo for Phillips 66. The project proposed was to design a
test stand and implement a procedure which will evaluate craftsmen’s abilities to assemble a bolted
flanged joint assembly. The goal was to create a fully functional test setup that can be duplicated and
utilized throughout Phillips 66’s refineries. This document details the design process that was
completed over the course of three quarters, including concept ideation, design iteration, and future
work for building and testing.

2 Introduction
The design team is composed of three mechanical engineering seniors at California Polytechnic State
University, San Luis Obispo. The corporate sponsor’s person of contact for the project is Jesus
Gutierrez, who is a reliability engineer at the Phillips 66 Santa Maria Refinery. Phillips 66 proposed
the idea of a test, along with a testing stand, to evaluate craftsmen who are brought into the refinery
during high volume maintenance periods. The goal of this report is to document the team’s selected
design direction, which was determined through ideation, research, and concept modeling and
prototyping. A discussion of the background is followed by the objectives of the project. The
design process is then discussed in detail showing the progression from concept to intermediate
design, and then from intermediate design to final design. Between each design step, a review was
conducted for both with our senior project class and a group of Phillips 66 engineers and executives
to determine any final changes that needed to be made to the design concepts and direction.
This report will focus on the design iterations made between the intermediate step and the final
design that was approved for production by Mr. Gutierrez and others at the Phillips 66 refinery.
During a normal year, the design would have been manufactured and tested to ensure that it
achieved the required benchmarks that were set at the beginning of the project. Due to the COVID19 pandemic, this portion of the project was recommended to be taken on by Phillips 66 after a
discussion of the logistics related to COVID-19 prevention and a reduction of on campus resources.
This division of responsibilities is more presented in a more detailed fashion in Section 10, Project
Management.
At the time of authoring this report, our group was unable to manufacture the test stand or perform
any of the design verification steps presented later in this report. As our final deliverables, this report
will be accompanied by a drawing package and verification plan that, combined with the contents
presented below, provide a blueprint for the construction and testing of the test stand.

3 Background

With the problem being specific to Phillips 66, much of the information required for gaining a better
understanding of the project came from speaking and visiting Mr. Gutierrez at the Santa Maria
Refinery. The research that was done outside of sponsor meetings was aimed at finding either
alternative solutions to the problem, or patents and articles that could be used to justify the need for
such a project.
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Interview With Sponsor
A meeting was arranged with Mr. Gutierrez to gain a better understanding about his vision,
requirements, and goals for the scope of this project. The problem at hand entailed improperly
reassembled flanged joints by craftsmen around the refinery. These are due to inadequate
maintenance that must be redone, which becomes costly and extends the maintenance period time.
Mr. Gutierrez and other Phillips 66 employees emphasized the importance of this project as there
currently is no measurable test on the ability and skills of the craftsmen.

Current Methods
Research was conducted to find alternative and current solutions to the problem to analyze the pros
and cons and improve upon existing designs and procedures. These craftsmen undergo training
programs and pursue licensure in pipefitting, along with an optional assortment of certifications, but
they may not be experienced specifically to refinery environments. Some extra resources to obtain
proper knowledge and technique in pipefitting are as follows but are not limited to:
•

Bolting Specialist Qualification Program from the American Society of Mechanical
Engineers (ASME)
o This program is comprised of three parts: a conceptual and knowledge-based
portion, an applicable practice-based portion, and a final hands-on assessment. The
entirety of the course takes at least six months to complete to qualified.

•

OSHA #7110 Safe Bolting Principles and Practices by the Occupational Safety and Health
Administration (OSHA)
o A 1-day course for individuals who practice bolting applications that go through
interactive training, informational modules, and assessment by a lead instructor.
Mechanical operators will understand techniques in bolted joints, bolting
methods/procedure, safety principles, and recognize the danger in bolting
applications.

The team learned that for the Santa Maria Refinery, obtaining enough well qualified craftsmen who
can properly lubricate and assemble bolted flange joints is an important and difficult task. With this,
it is apparent that developing a test with an accompanying testing stand to comply with refinery
specifications would be extremely useful, as no such method currently exists on site.

Patents and Products
A search was conducted to find similar patents and products related to either the testing method,
test stand, and/or evaluation tools. No similar patents were found for the testing method or stand
but some relevant patents were found as listed in Table 3.1 below.
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Patent Name
Extended Flange
Plumbing for
Deep Sea Oil
Containment

Patent
Number
US 0304138

Table 3.1. Patent Search Results
Key
Image
Characteristics/Importance
• Oil spill in Gulf of
Mexico
• Emergency
mounted flange
that creates a tight
seal
• Replacement of
pipelines due to
erosion requires
pressure code
requirements to be
met

Pipe Flange

US 4336958

Flange Aligning
Device

US 5228181

•

Device to help
aligning flange
assemblies

Flange Sealing
Joint with
Removable Metal
Gasket

US 4303251

•

Easily removable
gasket upon flange
disassembly

Determination of
Gasket Integrity
by Capacitance
Measurement

US 7009409

•

Uses capacitor
plates to measure
spacing between
plates and thus
gasket compression
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N/A

N/A

The following products listed in Table 3.2 were found for different types of inspection tools for a
variety of flange inspection specifications.
Products
RTJ Groove
Gauge

Joint Gap Gauge

Table 3.2. Flange Inspection Products
Company
Description
Integrity
• A steel ruler that is
Engineering
a post-machining
Solutions
gauge to inspect
RTJ grooves.

Integrity
Engineering
Solutions

•

A tapered gauge
tool to measure the
gap in between
flanges.

Technical Literature
Technical literature was sought out in order to learn more about bolted flanged joints and the
corresponding engineering standards imposed upon them. Phillips 66 standards are subject to
confidentiality and could not be accessed through online searches. With this, Mr. Gutierrez provided
several Refining Engineering Practices (REP) documents from the Phillips 66 database for reference
during this project. These practices are followed at all the Phillips 66 refineries in the United States
and provide a basis for understanding the decision process used for implementation of various
flanged joints.
In addition to the REP's, other technical literature such as the ASME PCC-1-2019 Guidelines for
Pressure Boundary Bolted Flange Joint Assembly, an industry standard for maintenance procedures,
provided more information about bolted flanged joints. It was found that deviations in flanged
assemblies arise not because of design errors, but installation errors. Possibly, the most critical error
that can arise in assembly is improper flange alignment. For proper installation, craftsmen must
apply the correct torque in order to achieve the proper bolt load and gasket stress. An effective seal
is created when proper alignment and gasket stress are achieved. Figure 3.1 shows the shortcomings
of under and overtightening a gasket.
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Figure 3.1. Gasket seal spectrum
To ensure proper torque, the following torque pattern must be followed in the correct order as
shown in Figure 3.2. The first pass should be done to 30% of the assigned toque, the second to
70%, and the last to 100%. Each standard star pattern should be done respectively to each specific
number of bolts on a flange.

Figure 3.2. Tightening pattern of a 12-bolt flange
For lubrication location on the assembly, see Figure 3.3. It is crucial to ensure that there is an
adequate amount of lube onto the threads and nut face. This is appropriate for the bolt life and
reduction in friction.
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Figure 3.3. Lubrication location on a bolted flanged joint

4 Objectives
Problem Statement
Phillips 66, a multinational oil refinery company, needs a way to evaluate a craftsman’s ability to
properly assemble and lubricate bolted flanged joints. With the design of a test stand and procedure,
improperly assembled connections and wrongfully selected parts can be eliminated. This will allow
refineries to prevent injuries and avoid costly, yet time-consuming repairs.

Boundary Diagram
For this project, once the craftsmen arrive to the refinery, they will be examined by a qualified
Phillips 66 employee. The employee will deem if the craftsman is fit to perform maintenance in the
refinery with the appropriate skill level by examination. The test stand will be moveable by forklift
to be set up at many different locations around the refinery, as pictured in Figure 4.1. The testing rig
will accommodate evaluation on different types of flange joints and gaskets.
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Figure 4.1. Preliminary boundary diagram depicting the scope of the project

Design Considerations
After consulting with Mr. Gutierrez, a list of Phillips 66’s wants and needs for the test stand design
was developed. The criteria provided during the interview are provided below.
1. The test stand must be safe so that both users and proctors are not injured during the testing
process. Also, since craftsmen will be applying torque to the assemblies, it is crucial that the
stand can withstand considerable force.
2. Testing each craftsman must take 15 minutes or less, due to the large number of workers
brought in during high volume maintenance periods. Having a target time limit will expedite
evaluation, ensuring that refinery repairs occur efficiently, and no time is wasted on a lengthy
evaluation period.
3. The test stand must be transportable with a forklift in order to avoid damage from harsh
weather conditions. In addition, the stand could also be moved closer to high maintenance
areas, so craftsmen do not have to travel far from the testing area to their area of work.
4. The test stand must test three different types of flanges, torque values, flange sizes, and bolt
patterns. As not all piping connections are the same, it is required that when craftsmen
encounter variable assemblies, they are able to assemble them regardless of different
parameters.
5. To prevent leaks in a bolted flanged assembly, flanges must be aligned properly, and gaskets
must be secured with adequate clamping force. In order to achieve this, the proper bolting
pattern must be followed, and adequate lubrication must be applied. With this, the test stand
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will provide a way for proctors to evaluate whether acceptable alignment and clamping force
are achieved.
6. Finally, evaluation methods will abide by proper ASME and Phillips 66 bolt, flange assembly,
and gasket standards

Quality Function Deployment
A Quality Function Deployment process was used identify customers and competitors and to
develop attainable engineering specifications that could be correlated to the customer requirements
discussed above. The Risk column specifies the difficulty it will take to achieve each parameter. L
stands for low, M for medium, and H for high. The Compliance column specifies the way that the
design will be tested for meeting each specification. The compliance designations are as follows: I
stands for inspection, A for analysis, and T for test. The full QFD House of Quality can be found in
Appendix A.
Specification
#
1
2
3
4
5
6
7

Parameter

Table 4.1. Engineering Specifications
Requirement/Target
Tolerance

Weight
Flange
Alignment
Torque
Clamping Force
Time to Use
Cost
Number of Bolts

< 1250 lbs
Pass/Fail (Visual
Inspection)
Pass/Fail
Pass/Fail
< 15 minutes
< $5,000 (Manufacture)
4<

Risk

Compliance

+/- 250
N/A

L
M

I, A
T, I

N/A
N/A
+0/-5
+/- $1000
+6/-0

H
H
H
L
L

T, I
T, I
T
A
T, I

From Table 4.1, three high-risk specifications are labeled. Torque and clamping force are high-risk
specifications because these serve as measurable factors in determining whether the craftsman is
proficient or not. Thus, designing the stand to accurately measure and assess if craftsmen are
competent regarding these parameters will be a challenge. Also, the time to use is a high-risk
specification due to the requirement that the procedure is quick enough, while including enough
tests to determine a craftsman’s skill.

5 Concept Design
After determining the engineering specifications to meet the customer requirements, design
concepts were generated. This section consists of the entire process of creating a concept design,
including ideation methods, top ideas generated, concept selection, and descriptions. The concepts
that the team considered the best were selected and pitched to the sponsor in order to obtain
approval to move forward.

Ideation Methods
In the preliminary design phase, open ideation sessions were conducted to generate ideas for the
evaluation tools and test stand configuration. The team focused on avoiding prejudgment of ideas
and leaned towards the quantity of ideas, taking a “quantity over quality” approach towards ideation,
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in which a pool of ideas was developed without worrying about details or feasibility. Various ideas
were developed for different aspects of the test stand. After examining the pool of ideas for each
function, Pugh Matrices, found in Appendix C, were created to compare those that were created for
the same function. A datum was selected by first looking at the tool that seemed most logical for this
project. The other concept ideas were graded against the datum with the following system: (+) better
than, (-) worse than, (S) same as. If a concept idea presented better than the datum by two or more
(+), then further thought decisions would be made to determine was best. Namely, two functions
that were ideated on extensively were the overall test stand configuration and the tools to utilize for
testing.

Top Testing Stand Ideas
The different test stands configurations ideas vary between the orientation of the flange joints and
the number of joint assemblies included as seen in Table 5.1.
Configuration

Table 5.1. Flange Setup Configuration Ideas
Description

3 assembly joints
(all horizontal or vertical)

•
•
•

3 assembly joints
(horizontal and vertical)

•
•
•

3 assembly joints and 1 bolting
joint

•
•

3 simple assembly joints, 1
bolting joint, and 1 full
assembly joint

•
•

Three different flanges with 4 bolts each all oriented in
the same direction
Easier to manufacture – can weld all flanges to one
surface
Only tests in one direction
Three different flanges with 4 bolts each – oriented in
both directions
Harder to manufacture – flanges must be welded to
different surfaces
More realistic in testing two directions
Three simple 4-bolt assembly joints and one 12-bolt joint
to test bolting pattern
Harder to manufacture – bigger stand to accommodate
larger flange
Three 4-bolt assembly joints to test part selection, one
12-bolt joint to test bolting pattern, one full 8-bolt joint
to test overall assembly, including lubrication
Harder to manufacture – five flanges must fit on stand

9

On the Santa Maria Refinery, bolted flange joints were seen in many orientations, and it was
considered to replicate this in the testing setup. The initial design included flanges oriented in one
direction in order to have a consistent design. However, after presenting the initial design direction
at Phillips 66, part of the feedback given was to include flanges oriented in both directions, which
was incorporated into the final design.

Top Evaluation Tool Ideas
During the research process, it was determined to keep the evaluation process streamlined such that
the entire process can be kept under 15 minutes. From the ASME PCC-1-2019, once equipment has
been put into service, there are three alignment features that will need to be tested along with the
visual inspection portions of the evaluation. These factors are parallelism, centerline misalignment,
and excessive gapping. The definitions of such factors are presented in Table 5.1.
Table 5.2. Bolted flange misalignment types and definitions
Name/Picture
Centerline Misalignment

Parallelism

Description
Centerline misalignment is an axial misalignment
characteristic between the central bore of the two mating
faces. Worst case scenario, bolts will not align when this
type of misalignment is experienced. Even minor
misalignment will cause issues in the pipeline flow.

Parallelism is a type of misalignment where the two mating
faces of the flanges are not parallel with each other after
assembly. Non-parallel flange faces are often the result of
uneven bolt torqueing and gasket compression.

Excessive Spacing/Gapping
Gapping is experienced if the assembled flange faces are
too far apart and cannot provide adequate gasket clamping
force. This excessive misalignment will most likely not be
experienced on the test stand but can be experienced in
the field when two pieces of equipment are installed to far
apart without adequate piping.
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Additionally, Table 5.3 presents multiple concepts of tools to be used to evaluate these factors on
the completed assembly.
Table 5.3. Evaluation tools with their function and brief description
Name/Picture

Testing for

Description

C-Slider tool

•
•

Parallelism
Centerline

A “C” shaped measurement tool
that is clamped around flanges
and be moved to different areas.
Etchings on the vertical portion
will allow evaluator to see if the
alignment changes around the
flange and by how much.

Bore gauge

•
•

Parallelism
Centerline

A gauge that is to be fit through
the center hole of the flange. If
the gauge can pass through, then
the flanges should be parallel,
and their centerlines should be
even.

Square tooth tool

•
•
•

Parallelism
Centerline
Gap/Spacing

Arc tool

•
•

Parallelism
Gap/Spacing

A tool that can that has three
different thickness to test the
spacing and parallelism between
flanges. If the teeth fit too easily
between flanges, there is
excessive spacing. If the teeth
don’t fit the same all the way
around the joint, it isn’t parallel.
The sides of the tool can be used
on the exterior of the join to
check for centerline alignment.
Go/No-Go style gauge to be
slid between flange faces. Would
be machined to specification
matching allowable gap between
flange faces and used similar to
feeler gauge to check parallelism.
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Load-Indicating Studs

•

Torque/Clamping Load-indicating studs would
replace bolts during flange makeForce
up. All bolts could be checked to
verify torque value and even
application of clamping force on
gasket.

Mechanical Load Reader (w/Double
Ended Studs)

•

Torque/Clamping The load indicating stud would
be used to replace the normal
Force
studs during the assembly
process and is specially machined
to work with a load reader. Load
reader can be used after flange
make-up is complete to verify
torque values and even
application of clamping force.

Concept Selection Process
Once the top ideas for the testing tools were narrowed down, two weighted decision matrices were
implemented to select the final tools to either manufacture or purchase. The selection criteria for the
test stand configuration was based off of which configuration can be used by both evaluator and
craftsmen in the most logical manner.

Selected Concepts
The leading ideas for evaluation were the square tooth tool and the load indicating studs. The square
tooth tool can test parallel alignment, centerline alignment, and gapping that would be specific to
match the flanged joints on the test stand. Due to the tool being specifically made for the test stand,
it would serve as a go/no-go style gauge. The tool was to be manufactured so that the height of the
different teeth matches the ideal spacing between flanges for each of the three types being evaluated
and would have markings to measure the difference in the gap, a proxy for parallelism. The sides of
the tool can be used to measure if the flanged joints are aligned, a proxy for centerline alignment. In
addition, multiple versions of the tool can be manufactured if required.
The five-flange configuration was selected, as it served as the most logical test for different skills.
The initial stand concept design featured three 4-bolt flanges that aimed to test correct gasket, bolt,
and mating flange selection, one 12-bolt flange that tests correct bolting pattern, and one 8-bolt
flange that would test the overall knowledge and skill of the craftsmen, including lubrication, part
assembly and torqueing procedure.
In the initial concept design, the 4-bolt flanges were to be hand-tightened while the others were
supposed to use their respective wrenches tethered to the stand in the most accommodating place.
The load indicating studs were to be used in the place of the standard bolts on the 12-bolt flange.
This was intended to allow the evaluator to track the torqueing sequence and process used to tighten

12

the flange assembly. The 12-bolt flange serves as a good representation of the larger assemblies used
on site and to demonstrate the process that will be expanded to greater than 12-bolt flanges.
To accommodate moving the test stand around the facility, the test stand will include a forklift
interface. The overall design will also incorporate enough mass to maintain a stable center of gravity
during use such that tipping or falling is not a hazard.

Hazards
Part of the concept selection process included filling out a design hazard checklist, found in
Appendix D. The stand’s forklift interface poses a large moving mass hazard. To correct this, safe
forklift practices must be observed when transporting the stand. In addition, the stand can possibly
be used in an unsafe manner, so only trained operators should use it. Also, having selected a stand
configuration with a large 12-bolt flange, the stand will need to be large enough so that it will not tip
over when torqued. The stand will be designed to account for and prevent all previously discussed
hazards.

6 Intermediate Design
The following section discusses the details and modifications made from the conceptual model that
led to an intermediate design. The intermediate design includes the 5-flange configuration on a steel
support table with forklift pockets, storage, and attached tools. It was discussed to also test the
craftsmen’s knowledge on part selection with respect to different materials. In this case, a tag that
determines what material parts are to be used based on what flows through the pipe could now also
be placed on the test stand’s joints. These tags can vary each time a test is conducted. There will be
enough spare parts to carry out the test no matter the part material and will be located in the storage
toolbox.

Description
The intermediate test stand design incorporated the five flanged joints as previously discussed. The
five joints each serve a purpose in creating a full picture of the tested craftsperson’s skills in flanged
joint makeup. The intermediate design is based off of a 3-foot wide by 6-foot long and 30-inch high
steel table, to which all of the flanged joints are welded to with the use of pipe. The stand also
incorporates forklift pockets, storage space for the largest mating flange and the ability to include a
toolbox to house all of the extra parts during storage or transportation. All of these features can be
seen in Figure 6.1.
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Figure 6.1 Intermediate Test Stand Layout

Justification
The flange types and sizes were determined by Phillips 66 based on what is used on site at both the
Santa Maria and Rodeo refineries. The layout was then sized to facilitate tool use around each of the
joints as well as placing the joints in both horizontal and vertical orientations, again reflecting the
actual refineries. Forklift pockets were incorporated to allow easy transportation between locations
on site.
The 4-inch, raised face flange, which will be used as the full flange assembly test, is mounted on
pipes to add a real-world type challenge to the assembly of the joint. The two verticals are offset by
1/8th of an inch to simulate a moderate misalignment of the two flanges. This will require that the
craftsmen notice the misalignment and carefully align the joint during the assembly process.
The stand is designed out of hot rolled alloy steel as it is cost effective, sturdy and relatively easy to
work with. The top surface of the stand will be fabricated from a quarter inch steel plate and will
serve as the foundation of all of the bolted joints. The frame of the stand is made from square, steel
tubing for simplicity. The height of the tabletop reflects that of most commercially available tables to
keep the test setup ergonomic. The space in the bottom of the test stand can be used to house a
small toolbox or cabinet to store spare parts and tools.

7 Final Design

After the critical design review with Phillips 66, some changes were implemented to now create the
final design. The changes included reducing the number of bolted flanged assemblies to cut down
testing time of each craftsmen, forklift pocket location, and one of the larger flanges to be an
adjustable forward and back in a slot like mechanism.
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Description
The final design includes changes that were determined to be sufficient in testing while reducing the
number of extra components and lower the overall testing time for an individual. The overall test
stand is 72” x 36” x 63” in length, width, and height. The tabletop was raised to 36” and the three
smaller flanges were better spaced apart. The forklift pockets were previously right under the
tabletop but will now be located on the lower portion of the frame. There will no longer be a need
for an external storage compartment unit as the stand now includes three storage pockets. The
medium and larger test assemblies were combined into one testing set up, where both tasks were
integrated. The new flanges will be classified as 12-bolt 6 inch 300 lb. flanges with one fixed and the
other mating face in a slotted set up. The changes were made to create a simpler test stand while
maintaining overall form and function parameters.

Figure 7.1 Final Test Stand Layout

New Justification
The design changes and modifications to the stand are reasonably different and the justifications are
listed below:
• The tabletop was ergonomically adjusted from a height of 30” to 36”. This was a change for
a stand working height that is more commonly seen in workshops.
• The three smaller flanges are to remain the same flat faced, raised face, and RTJ types but
are now further apart from one another to have space to work with tools. The three small
assemblies will also no longer be hand tightened together with the correct respective part
choices. During the test, the craftsmen will read the tag and place the correct bolts, nuts,
gasket, and mating flange next to the respective part that is welded to the test stand. This will
overall reduce the testing time for each craftsman.
• The previous idea for storage of spare parts was to weld an “off the self” storage container.
The test stand will now include three storage pockets that can be used for spare parts,
15

•
•

•

lubricants, and tools. This created an easier access point for materials and reduced the cost
of the overall stand.
The forklift pockets were relocated to the bottom portion of the main frame as it would be
easier for the forklift driver to see and guide his forks to maneuver the stand.
The medium and larger test assemblies were combined into one test to reduce testing time
and parts. The choice was to keep 12 bolt flanges classified as 6-300. One of the flanges
would be fixed to the stand with its respective pipe. The other flange would also be attached
to a pipe that is then fixed to a circular metal plate. The circular plate would be a part of a
slotted system to enable the flange to move towards and away from the fixed flange. This
would allow for tightening of bolts and variations of alignment within the bolted flanged
assembly as a key feature. It was also an ergonomic choice as this would alleviate the hassle
of lifting a heavy flange up by one’s self during assembly testing.
The slotted system would be welded to the top plate with appropriate spacing for the
moveable flange to move away and run into the fixed flange. This was to create variation in
each end user during the test and to eliminate the “correct position every time” for the
moveable flange. The opposite end would include a “removable lock” that can be detached
by removal of two small bolts and nuts. The lock feature was created to detach the moveable
flange for possible future purposes.

Summary of Costs
As of now, the cost is approximate and includes the minimum amount of parts required. The
approximate price is about $3,825 but does not include the spare parts needed for the test selection.
Also, not included in the price is the cost for welding and painting the test stand but both can be
done in-house at Phillips 66. The bill of materials is pictured in Figure 6.2 and is subject to change.
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Figure 6.2 Detailed Layout of Required Part and Cost

8 Manufacturing Plan and Progress
The following manufacturing instructions will be used to construct the scale prototype. The test
stand frame/body will be constructed first, the joints then attached, and lastly the tools and spare
parts can be added. Manufacturing the evaluation tool will be done by Computer Numerical Control
17

(CNC) at the end, as it requires tolerance determined by properly assembled joints. The
manufacturing detailed in this report is to be carried out by Phillips 66. It was decided that all
manufacturing would be left to them as it was going to be a difficult logistical issue to split the
manufacturing between the Cal Poly Machine Shops and Phillips 66, especially with the restrictions
imposed by the Covid-19 Pandemic.
The tools and practices described below are tailored closely to the tools available to us as students in
the Cal Poly Shops. Many of the techniques described are also those taught in Cal Poly classes or
techniques suggested by some of the on-campus shop technicians, including our very own Philip
Coleman. Phillips 66 may employ the manufacturing techniques and practices that they feel best help
them complete the required manufacturing using the tools available to their craftsmen.

Evaluation Tool
The evaluation tool shall be made out of aluminum and will be machined per CNC machine. The
order piece will be a 12” x 12” multipurpose 6061 aluminum bar that is ½” thick. The approximate
shape and look of the tool can be pictured in Figure 7.1. Ruler marking and information pertaining
to each respective tooth will then be machined onto the proper face. Besides the engraved ruler
markings, a hole will be machined into the corner of the tool for ease of hooking on and off a
carabiner keychain. The exact dimensions of the tool will be determined by testing of the joint it will
be mating with to ensure perfect fit. Once the tool is machined, it will be checked if within
tolerance. Tolerance will be determined once the flanged joints are properly assembly to obtain a
true value. The estimated time for manufacturing the evaluation tool will be 10 hours.

Figure 8.1 Square Tooth Evaluation Tool

Test Stand Body
The test stand body will be primarily made from mild steel. A frame will first be constructed out of
mild steel rectangular tube stock that will be cut by circular saw and metal inert gas (MIG) welded.
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Figure 8.2 Test Stand Steel Frame
Steel sheet stock will then be cut and welded using the same, if not similar, processes to the
appropriate dimensions for the tabletop. Under the tabletop, there will be slots similar to that of a
pallet for the stand to be moved by a forklift. These will be constructed from bent steel plate. The
flange holder is u-channel steel that can be bought and then welded to the frame. Once the test
stand is finished, it will be painted to ensure it doesn’t rust due to environmental factors. The
estimated time for manufacturing the test stand body will be 100 man-hours.

Joints
The joints will be welded to the test stand body in both horizontal and vertical orientations. The
horizontal and vertical orientation naming convention goes about the direction of flow in the pipe.
The three smaller 4-bolt joints will be in the vertical direction while the large 12-bolt joint will be in
the horizontal direction. All joints will be welded to steel pipe and/or elbows that are welded to the
tabletop. The placement of the joints was determined with the desire to ensure that craftsmen have
enough room to properly operate on each flange without obstruction. The joints orientation can be
seen in the following Figure 7.2. The specifications of each flange are listed in Table 7.1 that
includes size and ratings. All piping that the joints will be attached to, joints and their respective
gaskets will be bought stock. The estimated time for welding the joints onto the test stand will be 20
man-hours.
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Figure 8.3 Orientation and Placement of Joints
Number of bolts
4-bolt
4-bolt
4-bolt
12-bolt

Table 8.1 Specifications of Flanged Joints
Type of joint
Size
Rating
Raised face
3”
150
Flat face
1”
150
RTJ
3”
150
Raised face
6”
300

Bolt diameter
5/8”
½”
5/8”
7/8”

Additional Parts
The torque wrench required for assembling the flanges will be tethered to the stand using wire rope.
All the required spare parts will be stored in the pockets in the top face of the stand. These pockets
are constructed of bent and welded steel plate as a way to contain all parts such that they can have a
specific storage location when the test stand is not in use.

9 Design Verification Plan
In order to ensure all critical engineering specifications discussed in the Quality Function
Deployment section are met, a Design Verification Plan and Report (DVP&R) was created to
determine tests to conduct after the test stand parts are manufactured and the entire stand is
assembled. This section details the tests to be completed at Phillips 66 in order to verify the design.
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Specifications
A weight limit was specified when determining the scope of the project, and it was decided that a
weight limit of 1,250 pounds was appropriate for the test stand, considering the materials to be used.
The most crucial specifications to meet are for the test itself, with four aspects of assembly to be
tested: flange alignment, torque, bolt pattern, and part selection. These four aspects of assembly will
be the determining factors in evaluating craftsman skill and knowledge. The final specification is a
time limit of 15 minutes, which was specified by the sponsor at the beginning of the project.

Testing
To determine if the stand meets the weight limit, an industrial-grade scale should be used to weigh
the completed assembly. The four assembly criteria, the most important specifications, should be
evaluated on a pass/fail basis. Part selection and bolt pattern must be done correctly, otherwise this
will result in failing marks, as this shows that a craftsman does not possess the knowledge required
to properly make up a bolted flanged assembly. Testing for flange alignment and torque will be more
quantitatively based, as these can be directly measured. If the alignment and torque are out of the
acceptable tolerance, failing marks will be given for these criteria. The timing of the test is also
important, as it is desired to evaluate all craftsmen and send them into the site expeditiously. To test
whether the specification of a 15-minute test is met, the refinery should invite several craftsmen to \
take the test and have their times recorded. Their times should then be averaged to decide if the test
meets the time limit.

10 Project Management
For the development of the innovative solution for Phillips 66’s proposed project, separate
deliverables were completed over the three-quarter project timeline. The design process spanned
over Cal Poly’s Winter, Spring, and Fall quarters with separate deliverables throughout that time
frame. Listed below are the deliverables and their respective finishing dates in Table 6.1.
Date
2/3/20
2/27/20
4/9/20
4/23/20
5/15/20
11/19/20
11/26/20

Table 10.1. Key Deliverables
Deliverable
Scope of Work
Preliminary Design Review
Interim Design Review
Drawing and Manufacturing Plan Review
Critical Design Review
Expo Webpage
Final Design Review Report

Before COVID-19, it was intended that the project would be manufactured and presented at the
traditional senior project expo. This gathering, along with many other events, was cancelled. The
virtual expo poster for the project from can be found on the Cal Poly Mechanical Engineering
Department’s website.
Purchases for this project will be acquired through Phillips 66 to achieve the most cost-efficient way
to obtain parts. It is important to be consistent in using similar flanges, gaskets, and bolts that are
used out in the field in order to simulate work on site specific equipment. The manufacturing of the
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test stand assembly was determined to be better completed by the craftsmen and employees of
Phillips 66’s Santa Maria refinery. This decision came in light of the global pandemic, which reduced
on campus shop availability and the desire of Phillips 66 to have certified welders manufacture the
structure.
To this end, the manufacturing timeline has been left to the Phillips 66 refinery crew and is no
longer under our control. The result of these changes has been that the test stand has not been
manufactured as of the writing and submittal of this report. This report contains the manufacturing
plans, drawing package, and testing procedures that were intended but that were unable to be
completed due to the global COVID-19 situation as well as the local COVID-19 restrictions placed
on Cal Poly and the San Luis Obispo County area.

11 Conclusion

The design of the test stand and procedure described above was conducted in the midst of a
challenging year. Despite the challenges, it is the group’s belief that when the test stand is built in the
Phillips 66 refineries, it will serve as a useful tool in assessing the skills and knowledge of every
craftsperson that is hired to work on the site. The senior project team hopes that the test stand
improves refinery operation by cutting down lengthy and costly maintenance periods.
The group also feels a sense of reward in that the project was completed to the best of each
member’s abilities. In addition, the challenging year that this project was completed in required
much flexibility and adaptation from the group members to circumstances that were continually
changing. The project management skills and professionalism that were developed during the course
of this project are bound to be invaluable in future endeavors.
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13 Appendix A: QFD House of Quality
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14 Appendix B: Gantt Chart Spring Quarter 2020
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15 Appendix C: Pugh Matricies

Figure C-1. Pugh Matrix of the Evaluation Tool Ideas for Alignment

Figure C-2. Pugh Matrix of the Evaluation Tool Ideas for Torque/Clamping Force
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16 Appendix D: Design Hazard Checklist
Y

N
X

1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or similar
action, including pinch points and sheer points?

X

2. Can any part of the design undergo high accelerations/decelerations?

X

3. Will the system have any large moving masses or large forces?
X

X

4. Will the system produce a projectile?
5. Would it be possible for the system to fall under gravity creating injury?

X

6. Will a user be exposed to overhanging weights as part of the design?

X

7. Will the system have any sharp edges?

X

8. Will any part of the electrical systems not be grounded?

X

9. Will there be any large batteries or electrical voltage in the system above 40 V?

X

10. Will there be any stored energy in the system such as batteries, flywheels, hanging
weights or pressurized fluids?

X

11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of the
system?

X

12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?

X

13. Will there be any materials known to be hazardous to humans involved in either
the design or the manufacturing of the design?

X

14. Can the system generate high levels of noise?

X

15. Will the device/system be exposed to extreme environmental conditions such as
fog, humidity, cold, high temperatures, etc?

X

16. Is it possible for the system to be used in an unsafe manner?
X

17. Will there be any other potential hazards not listed above? If yes, please explain
on reverse.
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Description of Hazard

Planned Corrective Action

The system itself will need to be
moved by forklift to locations
where it will be used or stored.
The moving process presents a
hazard to users of the system.

Following correct forklift lifting
techniques will prevent this from
being a hazard to users. Ample
operating room should be left around
the forklift while lifts or moves are in
progress.

The system will be a fixed mass
and will present hazard if not
designed to keep from tipping
over.

Design system such that the center of
mass cannot be moved outside of the
footprint with a reasonable amount of
force exerted from one operator.

Metal flanges are heavy and pose Ensure all welds are adequate in order
danger if loosely secured, with
to ensure operator safety.
the risk of breaking off.
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Planned
Date
N/A
(Forklift operators
should be familiar with
these safety
procedures)

Spring Quarter

Fall Quarter

17 Appendix E: Functional Decomposition
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18 Appendix F: Operator’s Manual
This testing manual is to be used as a guide for important operations and safety information. Read
each section thoroughly before each test is demonstrated.
Stand Setup
Warnings:
• Ensure the test stand is balanced before performing test, as tipping can potentially cause
serious injury. Make sure to wear proper PPE (personal protective equipment)
when supervising and performing test
Setup Steps:
1. Check if there is enough room for the craftsmen to move around the test stand, and for the
evaluator to watch the craftsmen perform the test
2. Check if the stand is on stable ground
3. Check if wrenches and measurement tools are properly tethered to stand
Small Flange Group Test Setup
Test Purpose: Evaluate part selection per included joint description tags
Warnings:
• Handle parts with care so as not to damage loose flange parts (Ex. Gaskets, Nuts, Studs,
etc.)
• Keep parts organized during setup and take-down to track stand part inventory
• During setup, do not organize parts into the groups that go together for each joint.
Setup Steps:
1. Place joint specification tags on each of the three fixed flanges. (Raised Face, Flat Face and
RTJ)
2. Check that part inventory matches required inventory.
3. Assure necessary labels are intact for all parts.
4. Place parts in neat fashion in front of assessment joints.
5. Ensure example parts are reset to random placement between assessments.
Testing Procedure
1. Allow craftsperson to read tags on each of the assessment joints
2. Instruct craftsperson to select the correct materials for each joint and place in front of fixed
flange half.
3. Assessment selections are
a. Mating Flange
b. Gasket Type
c. Stud and Nut Selection
d. Stud Lubrication Selection
4. Once craftsperson indicates that they are finished, score craftsperson and reset the spare
parts for next assessment.
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Large Flange Test Setup
Test Purpose: Evaluate the full set up for a large 12-bolt flanged joint. The main areas to check for
are the correct mating distance, alignment, bolting pattern and lubrication.
Safety Warnings:
• This large flange is a heavy object. Please handle with caution and wear the correct
protective gear.
Setup Steps:
1. Check that the locking plate is fastened correctly so the sliding flange cannot be pushed
out.
2. Gasket, bolts and nuts should already be picked out and set aside for the craftsman.
3. Ensure the square tooth tool, wrench, torque wrench, and lube are available for the
craftsmen use.
4. An information guide sheet should also be available with the correct torque and bolting
pattern for the 12-bolt flange according to P66 current standards.
Testing Procedure:
1. Instruct the craftsman what they are being evaluated for in the large flanged joint test and
what testing tools and information are available for their use.
2. Start the timer and let the craftsman begin their test.
3. While the craftsman is at work, the proctor should keep an eye for the following
a. Correct mating distance as the sliding flange can be pushed forward and back from the
opposing fixed flange. A locking mechanism is available for use to hold the flanged
joints in place while handling.
b. Alignment of the gasket. The square tooth tool should be used for this once the flanged
joint is ready to be examined.
c. Bolting pattern is being done in the correct order according to the information guide
sheet. See Figure 1 below.

Figure F.1: Legacy Cross-Pattern Tightening Sequence and Bolt-Numbering System for a 12bolt joint
d. Torque value is set to the correct value according to the information guide sheet.
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Once craftsperson indicates that they are finished, score the craftsman and reset the flanged joint for
the next person.
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Appendix G: Drawing Package
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